2 of 17 larger spatial subdivisions, i.e., smaller number of larger particles as compared to those in reality [15] .
44
In addition, a knowledge about numerous input parameters is necessary to simulate complex systems 45 with DEM. The DEM model needs to be validated experimentally, which can be difficult [14] . The 46 cellular automata algorithm has been proposed as a modelling technique [16, 17] , and it has been 47 applied to simulate the drug release of tablets [18, 19] . Three-dimensional cellular algorithms allow 48 the calculation of matrices containing several components organized a large number of discrete 49 cubes; this is possible due to the simplicity of the calculation, as compared to DEM models [14] . For 50 example, it has been reported that the disintegration time of tablets [20] , buoyancy and drug release 51 profiles of gastroretentive floating tablets [21, 22] were simulated with the three-dimensional cellular 52 automata algorithm.
53
Drug release of tablets is influenced by the solubility of the active pharmaceutical ingredient 54 (API) [23, 24] , particle size distribution [25] , granule size and their arrangement [26] [27] [28] . In addition,
55
it is well known that the drug release of the pharmaceutical tablets can be influenced by the tablet 56 porosity due to change in disintegration behaviour of tablet, i.e. tablet disintegration time increase 57 with a decrease in tablet porosity, resulting in a slow water penetration into tablet [29, 30] .
58
Furthermore, in general, the tablet porosity can be variable due to the batch-to-batch difference in 59 compressibility of the powders/granules and variation of compressive stress in the high-speed tablet 60 compaction. Therefore, from the formulation and process development and quality assurance point 61 of view, the development of tools for computational elucidation of material attributes and production 62 process influence on drug release is very important.
63
Validation of the simulation results is a challenging topic, mostly arising from an inability to 64 describe the internal structure of a tablet in sufficiently precise way, i.e., including internal structures 65 at simulation resolution. This challenge is addressed with X-ray computed microtomography, which 66 is a technology to visualize the three-dimensional structure of compacts, and it has been applied to 67 visualize the internal pore structure of the tablet and quantitate the density distribution [31, 32] . And 68 it has also been applied to elucidate the correlation between tablet internal structure and dissolution 69 behaviour [33] [34] [35] .
70
The purpose of this study is to simulate the dissolution and disintegration behaviour of a poorly 71 soluble drug formulation applying numeric solutions for dissolution calculation based on Noyes- 
115
Porosity ε of the tablets were determined according to Eq. (2).
116
where r is the tablet radius (mm) and h is the tablet thickness (mm).
117
Tablet hardness was evaluated using hardness tester (Tablet Tester 8M, Dr. Schleuniger Pharmatron,
118
Switzerland). Tablet hardness can be converted into tensile strength σt (MPa), according to Eq. (3).
where F is the diametrical crushing force (N), and d is tablet diameter (mm).
121

Measurement of granule size distribution
122
The granule size distribution was measured by a sieve analysis method using a vibrating sieve 
137
The sample tablets' diameters is significantly larger than the used window for acquisition of 138 projections, therefore only the central parts the tablets were reconstructed with diameter of section 139 equal to 2.0 mm.
140
Tomographic reconstructions were computed after applying a single distance propagation-
141
based phase contrast filter, using a δ/β ratio of 50, with the gridrec reconstruction algorithm The preparative processing of the reconstructed data was performed in Image J 1.51j8 (National
147
Institutes of Health, USA) by first binning by factor 4 in all dimensions using an averaging function 148 to reduce the memory footprint necessary for effective computation, followed by a SLIC Superpixels
149
[36] clustering analysis for the segmentation of tablet components. In the resulting multipage TIFF 150 file, the individual components' corresponding pixels were mapped according to their types (e.g., for 151 mefenamic acid the value of 1 was applied) and imported directly into Particle Arrangement and
152
Compaction module of the software.
154
Disintegration test
155
The disintegration times were measured using a disintegration tester (Sotax DT3, Sotax AG, 
where frictional coefficient f for a sphere given by the Stokes' law is = (Figure 1, b) according to the Eq. (6) [38] :
192
Where r(t) is the actual molecular displacement in Å 2 , and D is coefficient of self-diffusion. 
198
The resulting value for the diffusion coefficient of mefenamic acid in water was 3.57e-7 cm 2 /s,
199
which is in combination with eq.4 and mass of a single drug voxel yields a C1 value of 22082 (Table   200 2), i.e., C1 is a voxel mass divided by the rate of the mass transfer from 1/26 th of the voxel surface.
201
This constant is used for convenience during simulation, and is just an F-CAD compatible way of 202 describing dissolution kinetics.
203
The voxel contact surface area is calculated as 1/26 of total voxel area, which is calculated as a 4. As soon as the disintegrant cell is "activated", it loses its action; therefore, the random scattering
234
of its neighbourhood can be fired only once.
235
The dissolution and disintegration algorithms as described above are realized in using the 
244
For a comparative analysis between the calculated release pattern obtained from 245 microtomography experiments and the algorithmically created calculation matrix the latter was 246 constructed by applying cellular automata algorithms for voxel types. To mimic the granular particle 247 arrangement, i.e., to simulate arrangement of the pre-granulated internal phase within tablet 248 constraints, the "swiss cheese" arrangement procedure was used. In details this method is described obtained from real granules after high shear granulation. The acceptance range was set to +/-10% 261 from the average of the real granules.
262
As soon as the virtual granules were formed, the remaining volumes were blocked by an 
282
The values used to calculate the dissolution rate constants for mefenamic acid and other
283
formulation components are summarized in the Table 2. 284 
Matrices arrangement of tablets
287
The simulations of the drug release of mefenamic acid tablets were carried out using the software 288 package F-CAD v.2.0. For the simulation of the experimental tablet, the flat-faced round virtual
289
tablets with a diameter of 2 mm were generated. This size was chosen to match the microtomographic 290 acquisition, where the entire tablet scanning was not carried out due to technical limitations. The 291 virtual tablet was discretized into a cubic grid using a voxel side length of 6.5 μm (with 330 3 elements),
292
equal to the microtomographic resolution with voxel side length of 6.5 μm.
294
Comparison of drug release pattern between experimental and simulated profiles
295
To evaluate the similarity factor (f2) between simulated and experimental release profiles, the 296 equation (7) was used [39] .
297
= 50 • log 1 + ∑ ( − ) .
• 100 ,
298
where n is the number of time points, Rt is the dissolution rate of the experimental tablet at time t, Tt 299 is the dissolution rate of the simulated tablet at time t. A similarity factor (f2) greater than 50 indicates 300 close correlation between simulated and experimental data. The properties of the experimental tablets and its compaction condition are summarized in Table   305 3. In vitro drug release of tablets with different porosities were carried out, the results are shown in 306 the Figure 3 for uncompacted granules and tablets.
308
Figure 3. Experimental drug release from mefenamic acid formulations.
309
As it can be seen from the Figure 3 , the release rate is influenced by the tablet porosity, however 
314
The granule size distribution of the milled granules is shown in Figure 4 . 
318
The granule size distribution is basically single peak and the sieve fraction of 355-500 μm is 319 greater than any other size fractions, hence the granule size distributions in the algorithmically 320 created matrixes were designed to average 400 μm for formulation A1 to A4. 
323
The in vitro drug release and in silico drug release of the X-ray CT reconstructed tablets and 324 algorithmically created tablets are shown in Fig. 5 . The analysis has been carried out for A2 and A3
325
formulations, due to difficulties to distinguish the material of the tablet components for other studied 
331
The obtained similarity factors (f2) of the dissolution between X-ray reconstructed tablet and 
342
The in vitro and in silico drug release of algorithmically created matrices are shown in Figure 6 343 for formulations A1-A4 and the simulated curves well describe the experimental data. Also, the 344 obtained similarity factors (f2) are summarized in Table 4 and these are greater than 50, suggesting 345 that the algorithmically created matrices provided the similar drug release to those obtained from the 346 experimental tablets. The simulation dissolution rate calculated with Eq. (4) was set to 1.39e-14 g/s
347
for single contact surface of 9.75e-8 cm 2 under an assumption of unstirred layer thickness equal to 2.6 
365
Discussion
366
As in vitro results in Figure 3 show, the fast drug release of the formulation at the beginning of 367 the dissolution test is followed by slowed down for all studied formulations. This is an expected 
379
As the results in Figure 5 show, the simulated drug release from X-ray reconstructed simulation 
385
Nowadays it is still quite difficult to access the synchrotron X-ray microCT with sufficient 386 contrast phase information to distinguish between the pharmaceutical formulation components.
387
Therefore, in this study the special attention was payed to compare the release profiles between the 388 matrices created algorithmically with the support from cellular automata and from the tablet 
394
as the disintegrant in the external phase is used, the release rate drops to the levels observable from 395 the uncompacted granules. This is well correlated with the existing disintegration theories.
396
As Figure 6 shows, the engagement of the disintegration algorithm into simulation process 
410
However, the damage to granular structures after compressive stress application cannot be seen on 411 the microtomographic acquisitions from these tablets. On contrary, the unchanged granular patterns 
417
The algorithm for modelling and simulation of the disintegration behaviour proposed and 418 evaluated in this study can be considered as tool to elucidate the influences of material attributes of 
